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(54) Hydraulic damper 

(57) A hydraulic damper comprises: a cylinder (13). a piston (14) slidable in the cylinder, communication passages (19) 
formed through the piston for communicating two liquid chambers (17, 18) defined in the cylinder with each other, and a 
damping force generation mechanism (24) effective when the damper is extended. The damping force generating 
mechanism (24) includes a valve disc (25) biassed by smaller diameter valve discs (26) or a spring (56) and inner and 
outer pressure chambers (28. 29). On extension the periphery of disc (25) deflects at one pressure, and discs (25, 26) 
deflect at a higher pressure. 

A damping force is generated on damper contraction by fluid passing through passages (20) and past spring biassed 
valve disc (33). Similar valve arrangements are provided for allowing fluid flow between chamber (1 8) and an annular 
chamber surrounding cylinder (13) via a cylinder end closure. 
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HYDRAULIC DAMPER 

The present invention relates to a hydraulic damper 
5 adapted to use in a vehicle and the like. 

As shown in Fig. 1. the hydraulic damper 1 according 
to a prior art which has been in general use is so con- 
structed that the interior of a cylinder 2 is divided into 
two chambers 4, 5 by a piston 3 slidably fit in the cylinder 
10 2, the chambers 4. 5 being respectively in communication 

with each other through a communication passage 6 formed in 
the piston 3, a chamber 9 defined between the cylinder 2 and 
an outer cylinderical body 7 and the chamber 5 in the cylin- 
der 2 are in communication with each other at the bottom 
15 side of the hydraulic damper through a communication passage 
10 formed through a partition member 8 mounted to the bottom 
part of the cylinder 2. In a hydraulic damper with such 
a construction, a sliding movement of the piston 3 in the 
cylinder 2 causes the flow movement of the hydraulic fluid 
20 therein through the respective communication passages 6, 11. 
At that time, the flow of the hydraulic fluid may be con- 
trolled by damping force generation mechanisms 11, 12 
comprising a plurality of disc valves and orifice passages 
so that damping force may be generated. 
25 The damping force characteristics as obtained by the 

hydraulic damper 1 of the above construction are as illus- 
trated in Fig. 2. As it is seen from Fig. 2. when the oper- 
ating speed of the piston 3 is slow, the hydraulic fluid is 



throttled when it flows through the orifice passage, so that 
the characteristic thus generated is like that of a quadra- 
tic curve as designiated by references ai and bi , while, when 
the operating speed of the piston 3 is fast, the disc valve 
may be deflected due to hydraulic pressure, generating a 
linear characteristic as designated by references a^ and ba . 

As explained above, the hydraulic damper 1 according 
to the prior art mentioned above provides the characteristic 
of a qudratic curve with regard to the characteristic caused 
by the orifice passage (or orifice characteristic), wherein 
at the initial operational stage of the piston (or the 
interval designated by Vi in Fig. 2) a small damping force 
generated and the damping force will subsequently be rapidly 
increased. 

It is to be noted, however, that a certain large 
damping force will be required at the initial stage of 
operation of the piston in order to prevent staggering of a 
vehicle during a normal driving to enhance stable driving 
thereby. However, the above-described orifice character- 
istic cannot adequately meet this requirement. Further, 
since a large damping force will have been generated during 
the period following the initial operational stage (or the 
period V2 shown in Fig. 2), the vibration caused at the side 
of the wheels may be transmitted mincingly to the vehicle 
body whereby driving comfort may be impaired. 

In this way, since the damplng^ force characteristic 
provided by the hydraulic damper according to the prior art 
is not capable of adequately adapting the damping force to 



the condition of a driving vehicle, most optimum driving 
stability and driving comfort cannot be attained according 
to the conventional hydraulic damper mentioned above- 

The present invention has been proposed in view of 
the problems as pointed out above and has it as an object to 
provide a hydraulic damper which is capable of establishing 
an optimum damping force characteristic corresponding to 
specific vehicles. 

The present invention provides a hydraulic damper 
comprising a cylinder, a piston slidably fit in the cylinder 
and partitioning the interior of said cylinder to two liquid 
chambers, the piston being provided with a communication 
passage formed therethrough for communicating the two liquid 
chambers with each other, and a damping force generation 
mechanism for generating damping force by controlling the 
flow of liquid through the communication passage caused by 
sliding movement of the piston in the cylinder, wherein 
the damping force generation mechanism includes a larger 
diameter disc valve disposed on the downstream side of the 
communication passage, a small diameter disc valve stacked 
on the larger diameter disc valve, the diameter of the 
smaller diameter disc valve being smaller than that of 
the larger diameter disc valve, an inner pressure chamber 
disposed radially inwardly on the opposite side of the 
larger diameter disc valve remote from the smaller diameter 
disc valve, the inner pressure chamber being in communica- 
tion with the communication passage, and an outer pressure 



chamber disposed on the same side as the inner pressure 
chamber radially outwardly of the inner pressure chamber, 
the outer pressure chamber bein^ located radially outwardly 
of the outer circumference of the smaller diameter disc 
valve, the outer pressure chamber being in communicate with 
the communication passage. 

In one embodiment, the damping force generation mecha 
nism preferably includes a pre-set load setting means for 
giving the smaller diameter disc valve on initial deflection 

The present invention also provides a hydraulic 
damper comprising a cylinder, a piston slidably fit in the 
cylinder and partitioning the interior of the cylinder to 
two liquid chambers, the piston being provided with a commu- 
nication passage formed therethrough for communicating the 
two liquid chambers with each other, and a damping force 
generation mechanism for generating damping force by con- 
trolling the flow of liquid through the communication 
passage caused by sliding movement of the piston in the 
cylinder, wherein the damping force generation mechanism 
includes a disc valve disposed on the downstream side of the 
communication passage, inner and outer pressure chambers 
disposed at different locations in the radial direction of • 
the disc valve and respectively being in communication with 
the communication passage, the inner and outer pressure 
chamber being adapted to impose hydraulic pressure on the 
disc valve, and a biasing means disposed on the opposite 
side of the disc valve remote from the pressure chambers 
for biasing the disc valve toward the pressure chambers, the 



biasing means being located In the location corresponding 
to that of a partition wall separating the inner and outer 
pressure chambers. 

According to the present Invention, the smaller 
diameter disc valve is stacked on the larger diameter disc 
valve, and the valves are designed such that they are 
entirely opened when the fluid pressure in the pressure 
chamber Increases to a level which is higher than another 
level of hydraulic pressure at which the outer circumference 
portion of the larger diameter disc valve is deflected. 
Therefore, as the hydraulic pressure in the respective 
pressure chambers is increased due to the movement of the 
piston through the communication passage, the outer periph- 
eral portion of the larger diameter disc value is firstly 
deflected so that the damping force in accordance with the 
valve characteristic will be generated. As the hydraulic 
pressure in the respective pressure chambers will further 
be increased, both the larger diameter disc valve and the 
smaller diameter disc valve are caused to be deflected so 
that the damping force in accordance with another valve 
characteristic will be generated. Thus, it is possible to 
provide a damping force characteristic with combined valve 
characteristics . 

Since it is possible to change the pressure at which 
the respective disc valves are to be opened and the gradient 
of the valve characteristics by changing the rigidity of the 
respective disc valves. It is therefore possible to obtain 
a higher damping force at the initial stage of operation of 
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the piston In which the piston speed is slow, and to keep 
the damping: force at a low level in the operational range 
in which the operating- speed of the piston becomes higher. 
Thus, it is possible to obtain appropriate dsunping force 
5 characteristics corresponding to specific vehicles. 

In a hydraulic damper further Including a pre-set 
load setting means for giving the smaller diameter disc 
valve an initial deflection, it is also possible to make 
higher the pressure at which the smaller diameter disc valve 
10 is caused to open, without changing the rigidity of the 
discs and the number of the discs to be used, or even if 
the rigidity of the disc valve is reduced. 

In the type of deunper in which the disc valve is 
biased by a biasing member, as the hydraulic pressure in the 
15 respective pressure chambers is increased through the commu- 
nication passages due to the movement of the piston, the 
outer circumference portion of the disc is first deflected 
to generate a damping force with a valve characteristic. 

As the hydraulic pressure in the respective pressure 
20 chamber is further increased, the entire disc valve will be 
deflected against the biasing force of the spring member to 
generate a damping force of the different valve characteris- 
tics. In this manner, the damping force of the combined 
valve characteristics may be obtained. 
25 Since it is possible to change the pressure level 

at which the disc valve is to open and the gradient of the 
valve characteristics by suitably changing the rigidity of 
the disc valve and the spring constant of the biasing means 



or spring member. It is possible to establish at will appro- 
priate damping force characteristics corresponding to the 
specific vehicles. 

Fig. 1 is a vertical sectional view showing a entire 
hydraulic damper according to a prior art; 

Fig. 2 is a diagram showing the damping force charac- 
teristics of the hydraulic damper according to a prior art 
shown in Fig. 1; 

Fig. 3 is a vertical sectional view of the essential 
part of a hydraulic damper according to a first embodiment 
of the present invention; 

Fig. 4 is a diagram showing the damping force charac- 
teristic of the hydraulic dajnper according to the first 
embodiment of the present invention; 

Fig. 5 is a vertical sectional view of the essential 
part of a hydraulic damper according to a second embodiment 
of the present invention; 

Fig. 6 is a sectional view taken along the line IV-IV 
in Fig. 5; 

Fig. 7 is a vertical sectional view of the essential 
part of a hydraulic damper according to a third embodiment 
of the present invention; 

Fig. 8 is a vertical sectional view of the essential 
part of a hydraulic damper according to a fourth embodiment 
of the present invention; 

Fig. 9 is a vertical sectional view of the essential 
part of a hydraulic damper according to a fifth embodiment 
of the present invention; 
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Fig:. 10 is a vertical sectional view of the essential 
part of a hydraulic damper according to a sixth embodiment 
of the present invention; 

FifiT. 11 is a vertical sectional view of the essential 
5 part of a hydraulic damper according to a seventh embodiment 
of the present invention; 

Fig. 12 is a vertical sectional view of a smaller 
diameter disc valve to be employed in a hydraulic damper 
according to a eighth embodiment of the present invention; 
10 Fiff. 13 is a vertical sectional view of the essential 

part of a hydraulic damper according^ to a ninth embodiment 
of the present invention; 

Fig. 14 is a vertical sectional view of the essential 
part of a hydraulic damper according to a tenth embodiment 
15 of the present invention; 

Fig. 15 is a vertical sectional view of the essential 
part of a hydraulic damper according to a eleventh embodi- 
ment of the present invention; 

Fig. 16 is a vertical sectional view of the essential 
20 part of a hydraulic damper according to a twelfth embodiment 
of the present invention; 

Fig. 17 is a diagram showing the damping force 
characteristics obtained by the fourth embodiment shown in 
Fig. 8 and the fifth embodiment shown in Fig. 9; and 
25 Fig. 18 is a diagram showing the damping force 

characteristics obtained by the eleventh embodiment shown in 
Fig. 15 and the twelfth embodiment shown in Fig. 16. 

It is to be noted that the constructions shown in 



Fig, 7, Fig:. 9, Fig. 10, Fig. 11 and Fig. 14 are symmetrical 
In their left and right halves and only the right halves are 
shown in these drawings. 

Preferred embodiments of the present invention will 
now be explained by referring to the accompanying drawings. 

Fig. 3 Illustrates a first embodiment of the present 
invention, the constitution of which will now be explained. 

A piston 15 attached to a piston rod 14 is slidably 
fit in a cylinder 13 with a piston ring 16 therebetween. 
The interior of the cylinder 13 is divided into an upper 
cylinder chamber 17 and a lower cylinder chamber 18 by the 
piston 15. The piston 15 is provided with an extension and 
contraction side communication passages 19 and 20. respec- 
tively, formed therethrough and extending generally in 
parallel with the axis of the piston rod 14. These passages 
19 and 20 respectively communicate the upper cylinder 
chamber 17 with the lower cylinder chamber 18. One end 
of the extension side communication passage 19 is opened 
to an annular groove 21 formed at the upper end surface of 
the piston 15 while the other end thereof Is opened to an 
annular groove 22 formed at the lower end surface of the 
piston 15. On the other hand, one end of the contraction 
side communication passage 20 is opened to the lower cylin- 
der chamber 18 and the other end of the passage 20 is opened 
to a groove chamber 23 formed in the upper end surface of 
the piston 15 radially outwardly of the annular groove 21, 

An extension side damping force generation mechanisms 
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24 adapted to generate a dampng force In the extension 
stroke of the piston 15 is provided at the lower side of the 
piston, which side is the downstream side of the extension 
side communication passage 19. The constitution of this 
5 mechanism will next be explained. 

A disc valve 25 of a larger diameter is seated on the 
lower end surface of the piston 15 and a plurality of disc 
valves 26 of a smaller diameter are stacked on the side of 
the larger diameter disc valve 25 remote from the extension 
LO side communication passage 19. 

It is to be noted that the annular groove 22 which 
is formed in the lower end surface of the piston 15 and to 
which the extension side communication passage 19 opens is 
located radially inwardly of the outer circumference of the 
.5 smaller diameter disc valve 26, It is also to be noted that 
an annular groove 27 is formed in the lower end surface of 
the piston 15 such that it is located radially outwardly 
of the annular groove 22, radially outwardly of .the outer 
circumference of the smaller diameter disc valve 26 and 
0 radially inwardly of the outer circumference of the larger 
diameter disc valve 25. An inner pressure chamber 28 is 
defined by the annular groove 22 and the larger diameter 
disc valve 25 while an outer pressure chamber 29 is defined 
by the annular groove 27 and the larger diameter disc valve 
25. The pressure chambers 28, 29 are communicated with each 
other through a plurality of throttling passages 30a formed 
in the partition wall 30 formed between said pressure 
chambers 28, 29. As explained later, the smaller diameter 
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disc valve is adapted to provide a fulcrum for the larg^e 
diameter disc valve adjacent to a partitioning wall defined 
between the inner and outer pressure chambers when the outer 
circumference portion of the large diameter disc valve is 
deflected. 

The rigidity of the smaller diameter disc valve 26 is 
so selected that the outer peripheral portion of the larger 
diameter disc valve 25 is first deflected away from the 
lower end surface of the piston 15 when the hydraulic pres- 
sure in the outer pressure chamber 29 increases to Fi and 
then the smaller diameter disc valve 26 is caused to open 
when the hydraulic pressure in the inner pressure chamber 
increases to F2 which is larger than Fi . It is to be under- 
stood that the rigidity of the disc valves 25, 26 may be 
determined by selecting the wall thickness and the material 
thereof. Alternatively, the large diameter disc valve 26 
may be provided with a plurality of holes 31 spaced apart 
from each other in the circumferential direction thereof as 
shown in Fig. 3 so as to reduce the rigidity of the outer 
peripheral portion of the larger diameter disc valve 25. 
Those holes are preferably formed in an area of the large 
diameter disc valve which is overlaid with the smaller 
diameter disc valve. The holes are also located to be 
adjacent the outer circumference of the smaller diameter 
disc valve. 

A check valve mechanism 32 is provided on the upper 
end surface of the piston 15. The check valve mechanism 
will now be explained. 
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A disc valve 33 is seated on the upper end surface 
of the piston 15 in such a manner as to cover the annular 
grooves 21, 23 formed on the upper end surface. The disc 
valve 33 is biased airainst the piston 15 by a leaf spring: 35 
attached to the piston 15 through a retainer 34. A plural- 
ity of bores 36 are formed through the disc valve 33 at the 
locations corresponding to the annular groove 21 to which 
the extension side communication passage 19 opens, and the 
bores 36 serve to communicate the upper cylinder chamber 17 
with the extension side communication passage 19. It is 
to be noted that numeral 37 in Fig. 3 designates a washer 
adapted to restrict deflection of the disc valve 33. 

In the check valve mechanism 32 constructed in this 
way. as the hydraulic pressure in the contraction side 
communication passage 20 is increased in the contraction 
stroke of the piston, the disc valve 33 is caused to deflect 
against the biasing force of the leaf spring 35 so that the 
hydraulic fluid is caused to flow from the lower cylinder 
chamber 18 to the upper cylinder chamber 17. 

It is to be understood that the damping force in the 
contraction strokes will be generated by a contraction side 
damping force generation mechanism provided on the bottom * 
side of the hydraulic damper, which is not shown. 

The check valve mechanism 32, the piston 15 and 
the damping force generation mechanism 24 are fitted on 
a smaller diameter portion 38 of the piston rod 14 and 
tightened and secured to the smaller diameter portion by 
a nut 39 threaded on the end of the portion 38. 
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The operation of the hydraulic damper constituted 
as above explained will now be explained with reference to 
Fiff. 3 and Fig. 4. 

First, as the piston 15 is pulled upwardly by way of 
the piston rod 14 In the extension stroke, the pressure In 
the upper cylinder chamber 17 Increases, causlngr the hydrau- 
lic fluid to flow throuffh the extension side communication 
passage 19. 

At this time, the hydraulic fluid flaws into the 
inner pressure chamber 28 from the extension side communica- 
tion passage 19 and further flows through the throttling 
passage 30a to the outer pressure chamber 29. increasing 
thereby the hydraulic pressure in the respective pressure 
chambers 28. 29. When the hydraulic pressure in the outer 
pressure chamber 29 is increased to the level of Fi , the 
outer peripheral portion of the larger diameter disc valve 
25 is deflected to open the valve, generating the damping 
force as represented by the line Ci in Fig. 4. As the oper- 
ating speed of the piston is further increased, the flow of 
the hydraulic fluid from the inner pressure chamber 28 to 
the outer pressure chamber 29 is restricted by the throttl- 
ing passage 30a and, when the hydraulic pressure in the 
inner pressure chamber 28 is Increased to the level of Fa. 
the larger diameter disc valve 25 and the smaller diameter 
disc valve 26 are entirely deflected to open, generating the 
damping force as represented by the line Ca in Fig. 4. 

The valves of pressure such as Fi and F2 and the 
gradient of the lines Ci and Cz in the damping force 
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characteristic curve as shown In Fig. 4 may be easily 
adjusted by chaneing the amount of Initial deflection and 
the rigridity of the respective disc valves 25, 26. 

Furthermore, if the opening area of the throttling 
passage 30a communicating the pressure chambers 28, 29 with 
each other is changed to be smaller, the orifice character- 
istic may be added to the valve characteristic explained 
above, so that such a damping force characteristic as shown 
by the line D (two dot chain line) in Fig. 4 may be attained. 

It is also possible to attain such a damping force 
characteristic as shown by the line E (dashed line) in 
Fig. 4 in which an orifice characteristic is added, by form- 
ing a cut-out (not shown) at the outer circumference portion 
of the larger diameter disc valve 25 to define an orifice 
passage for communicating the communication passage 19 with 
the lower cylinder chamber 13. 

In this manner, the damping force to be generated may 
be set at a high level even in such a range as the operating 
speed of the piston 15 is slow by executing various modes of 
adjustment and, since optimum damping force characteristics 
corresponding to specific vehicles may be established, 
excellent driving reliability and driving comfort may be 
provided. 

Another embodiment of the present invention will be 
next explained. 

The second embodiment shown in Fig. 5 and Fig. 6 is 
different from the first embodiment only in the configura- 
tion of an outer pressure chamber 29 formed in the lower end 
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surface of a piston 15. More specifically, three outer 
pressure chambers 28a are provided at the equal distance 
from the axis of the piston 15 and equispaced from each 
other In the circumferential direction. Contraction side 
communicatin passages 20 are formed at the portions between 
the respective adjacent two pressure chambers 29a. Since 
the remaining: construction is the same as that of the first 
embodiment, same numerals are denoted to desigrnate the same 
elements and the explanation thereof is not repeated. Since 
the operation is also the same as that of the first embodi- 
ment, the explanation thereof is not repeated. 

In the third embodiment as shown in Fig. 7, the 
present invention is applied to the bottom side of the 
hydraulic damper. It is to be noted in connection with this 
embodiment that the damping force in the contraction stroke 
is generated at the bottom side of the hydraulic damper. 

A partition member 42 adapted to separate a lower 
cylinder chamber 18 and an auxiliary chamber 41 defined 
between a cylinder 13 and an outer cylindrical body 40 is 
formed with a contraction side communication passage 43 
which communicates the lower cylinder chamber 18 with the 
auxiliary chamber 41 and an extension side communication 
passage 44. On the downstream side of the contraction side 
communication passage 43. there are stacked along a shaft 
member 48 attached to the partition member 42. a larger 
diameter disc valve 45, a plurality of smaller diameter disc 
valves 46 and a spacer 47 in this order. These parts are 
jointed together by a nut 49. thereby constituting a con- 
traction side damping force generation mechanism 50. 
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On the downstream side of the extension side communi- 
cation passage 44. there is provided a check valve mechanism 
51 which allows the hydraulic fluid in the auxiliary chamber 
41 to flow into the lower cylinder chamber 18 through the 
communication passagre 44 only in the course of the extension 
stroke of the piston. 

Since the operation of this embodiment is also the 
same as that of the first embodiment already described, the 
explanation thereof is not repeated. 

Fiffs. 8 to 12 show other embodiments in which a pre- 
set load setting means is provided for giving an initial 
deflection to the smaller diameter disc valves 26 and 47 in 
the second and third embodiments, respectively. The same 
members as those of the aforementioned embodiments are 
denoted by the same numerals and the detailed explanation 
thereof is not repeated. 

The difference between the fourth embodiment shown 
in Fig- 8 and the second embodlmeht above described is in 
that a pre-set load setting means is provided for giving a 
smaller diameter disc valve 26 with an initial deflection. 
The pre-set load setting means include^ a ring 52 interposed 
between the outer peripheral end portion of the smaller 
diameter disc valve 26 and a larger diameter disc valve 25a. 
It is to be noted that no holes 31 for reducing th'e rigidity 
of the larger diameter disc valve 25a is formed in this 
embodiment . 

According to this embodiment, since the outer 
peripheral portion of the smaller diameter disc valve 26 is 
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deflected by the ring: 52 away from the larger diameter disc 
valve 25a, so that the pressure F3 at which the smaller 
diameter disc valve 26 is to open may be changred to a level 
higrher than F2 according to the second embodiment as shown 
5 in Figr- 17 (this damping force characteristic is represented 
by the line G in Fig. 17)- The pressure F3 may be appro- 
priately adjusted by changringr the thickness (the width in 
the axial direction) of the ring 52 to alter the initial 
deflection for the smaller diameter disc valve 26. 
10 In order to change the pressure at which the smaller 

diameter disc valve is to open to a higher level, the thick- 
ness of the smaller diameter disc valve 26 may be thicker 
so as to increase the rigidity thereof. Alternatively, the 
number of discs to be used may be increased. However, these 
methods of adjustment will necessarily cause the proportion 
of increase of the damping force (the gradient of the line 
G in Fig. 17) to be so large that a desired damping force 
characteristic may not be attained. Further, the weight 
of the disc valve will be increased and the entire length 
of the hydraulic damper will be longer. According to the 
present embodiment on the contrary, the pressure at which 
the smaller diameter disc valve 26 is to open may be changed 
to a high level without changing the proportion of increase 
of the damping force and without causing the weight and the 
length of the hydraulic damper to be increased. Thus, the 
hydraulic damper may be made light and compact. 

The fifth embodiment shown in Fig. 9 is characterized 
in that a pre-set load setting means is provided for giving 
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an initial deflection to the smaller diameter disc valve 46 
employed in the third embodiment. The pre-set load setting 
means in this embodiment includes a ring 53 interposed 
between the outer peripheral end portion of the smaller 
diameter disc valve 46 and a larger diameter disc valve 45. 
Since the operation of this embodiment is the same as that 
of the fourth embodiment as described above, the explanation 
thereof is omitted here (the damping force characteristic 
attained by this embodiment is represented by the line H in 
Fig. 17). 

The sixth embodiment shown in Fig. 10 is charac- 
terized in that a smaller diameter disc valve 26 is provided 
with a projection 54 formed integrally therewith adjacent to 
the outer peripheral portion thereof. This projection func- 
tions as a pre-set load setting means. The tip end of the 
projection 54 is so designed as to abut against a larger 
diameter disc valve 25a to provide the smaller diameter disc 
valve 26 with an initial deflection. It is to be understood 
that this projection 54 may be formed partially or entirely 
along the circumference of the smaller diameter disc valve 
26a, It is also to be noted that the smaller diameter disc 
valve 26a formed with the projection 54 may be turned upside 
down so that the tip end of the projection 54 will be in 
abutment with another small diameter disc valve 26. 

The seventh embodiment as illustrated in Fig. 11 
is characterized in that a smaller diameter disc valve 26b 
with a stepped portion 55 formed by bending is used in place 
of the smaller diameter disc valve 26a formed with the 
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projectlon 54 in the sixth embodiment. This stepped portion 
55 is so designed as to abut against a larger diameter disc 
valve 25a, such that the smaller diameter disc valve 26b may 
be provided with an initial deflection. It is also to be 
noted that this stepped portion 55 may be formed partially 
or entirely along the circumference of the smaller diameter 
disc valve 26b. The smaller diameter disc valve 26b formed 
with said stepped portion 55 may be turned upside down so 
that the stepped portion 55 may be in abutment with another 
smaller diameter disc valve 26. The function of the sixth 
and seventh embodiments is similar to that of the fourth 
embodiment, but the costs for the former two embodiments may 
be reduced by the cost of the ring 52 which is used in the 
fourth embodiment. It is also possible to apply the smaller 
diameter disc valves 26a. 26b of the construction used in 
the sixth and seventh embodiments to the fifth embodiment 
so as to provide the smaller diameter disc valve 46 with an 
initial deflection in stead of using the ring 53 for this 
purpose , 

The eighth embodiment illustrated in Fig. 12 repre- 
sents another pre-set load setting means. This means 
comprises a disc valve 26c of a smaller diameter which is ' 
deformed into a dish-shape in advance. By assembling this 
smaller diameter disc valve 26c to be flat (or in the manner 
similar to the smaller diameter disc valves 26. 46 in the 
first and the third embodiments), the smaller diameter disc 
valves 26 are provided with initial deflection. It is to be 
noted in this case that the pressure at which the smaller 



-20- 

diameter disc valve 26c is to open may be suitably adjusted 
by changing the amount of deformation of the disc valve into 
a dish-shape or the number of the dish-shaped disc valves to 
be used. 

A ninth embodiment of the present invention will now 
be explained by referring to Fig. 13. 

According to this embodiment, a spring 56 is used in 
place of the smaller diameter disc valve 26 in the second 
embodiment. The same members as those used in the second 
embodiment are denoted with the same numerals in this 
embodiment and detailed explanations thereof are not 
repeated here, 

A flange portion 57 is formed integrally with a nut 
39a which is used to assemble an extension side damping 
force generation mechanism 24a. A spring member 56 compris- 
ing a coil spring is interposed between the flange portion 
57 and a larger diameter disc valve 25. It is to be noted 
that the position at which the spring member 56 abuts 
against the larger diameter disc valve 25 corresponds to the 
location of a partition wall 30 between an inner pressure 
chamber 28 and an outer pressure chamber 29a. 

In case that the spring member 56 is Interposed in 
such a manner as to abut against the larger diameter disc 
valve without biasing it, it will perform the same function 
as that of the smaller diameter disc valve 26 in the second 
embodiment. In case that the spring member is interposed in 
such a manner as to bias the larger diameter disc valve 25, 
it will perform an identical function to that of the smaller 



-21- 

diameter disc valve 26 In the fourth embodiment in which an 
initial deflection is given by the pre-set load setting 
means • It is also possible to attain various damping force 
characteristics by changing the rigidity of the larger diam- 
eter disc valve and the elasticity of the spring member 56. 

The tenth embodiment illustrated in Fig. 14 has 
applied a spring member 58 to a contraction side damping 
force generation mechanism 50a provided at the bottom side 
of the hydraulic damper in place of the smaller diameter 
disc valve 46 in the third embodiment, in a similar manner 
to that of the ninth embodiment. 

According to this embodiment, a retainer 60 integral- 
ly formed with a flange 59 is provided and a spring member 
58 comprising a coil spring is interposed between the flange 
portion 59 and a larger diameter disc valve 45. It is to be 
understood that the function of this embodiment is the same 
as that of the ninth embodiment as described above. 

Fig. 15 shows an eleventh embodiment which enables 
the damping force characteristics to be varied smoothly, the 
constitution of this embodiment will now be described. 

A retainer 63 is connected to the lower end surface 
of a piston 62 slidably fit within a cylinder 61, and two 
concentric annular grooves 64, 65 formed In said retainer 63 
and a larger diameter disc valve 66 which abuts against the 
retainer 63 define an inner pressure chamber 67 and an outer 
pressure chamber 68. The inner pressure chamber 67 is 
disposed radially outwardly of the outer circumference of 
a smaller diameter disc valve 69. On the other hand, the 
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outer pressure chamber 68 is disposed radially outwardly of 
the outer circumference of the smaller diameter disc valve 
69 and radially inwardly of the outer circumference of the 
larger diameter disc valve 66. An extension side communica- 
tion passage 70 is branched at the Jointed portion of the 
piston 62 and the retainer 63 to coimnunicate with the inner 
pressure chamber 67 and the outer pressure chamber 68- 

At the outer circumference of the retainer 63 in 
abutment with the larger diameter disc valve 66, there is 
formed an orifice passagre 72 comprising: a cut-out which 
communicates the outer pressure chamber 68 with a lower 
cylinder chamber 71. 

Between the larger diameter disc valve 66 and the 
smaller diameter disc valve 69. there is interposed an 
intermediate diameter disc valve 73 which has the diameter 
smaller than that of the larger diameter disc valve 66 and 
larger than that of the smaller diameter disc valve 69. 
The rigidity of the intermediate diameter disc valve 73 is 
so selected that the outer periphery portion of the larger 
diameter disc valve 66 is deflected when the pressure in the 
outer pressure chamber increases to Fi and the intermediate 
diameter disc valve 73 is opened when the pressure in the " 
outer pressure chamber increased to F3 which is larger than 
Fi (Fi < F3). In the meantime, the rigidity of the smaller 
diameter disc valve 69 is so selected that it is opened when 
the pressure in the inner pressure 67 increases to F2 which 
is larger than F3 (F2 > F3 > Fi ) . 

The remaining constitution in Fig. 15 is the same as 
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that of the first embodiment, so the explanation thereof is 
not repeated. 

The operation of the embodiment having the constitu- 
tion as above described will next be explained by referring 
5 to Fig. 15 and Fig. 18. 

As the piston 62 Is pulled upwardly in the course of 
extension stroke and the hydraulic fluid In the communica- 
tion passage 70 is caused to move, thereby increasing the 
pressure In the inner pressure chamber 67 and the outer 
10 pressure chamber 68, the damping force of orifice charac- 
teristic as represented by the line Ii in Fig. 18 will 
firstly be generated by the orifice passage 72, and then, as 
the hydraulic pressure in the outer pressure chamber 68 will 
be raised to the level of Fi , the outer peripheral portion 
15 of the larger diameter disc valve 66 will be deflected to 

generate the damping force of the characteristic represented 
by the line I2 In Fig. 18. When the pressure in the outer 
pressure chamber 68 is Increased to the level of F3 , then 
the intermediate diameter disc valve 73 will be deflected 
20 to generate the damping force represented by the line I3 in 
Fig. 18. When the hydraulic pressure -in the inner pressure 
chamber 27 is further raised to the level of F2 . the smaller 
diameter disc valve 69 is deflected to generate the damping 
force represented by the line I4 in Fig. 18. 
25 In this way, by providing an optimum combination of 

the damping force of orifice characteristic and the damping 
force provided successively by deflection of the respective 
disc valves 66, 69, 73. smooth damping force characteristics 
may be attained. 
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Althougrh in the embodiment as described above, three 
kinds of disc valves, or the larger diameter disc valve 66, 
the intermediate diameter disc vale 73 and the smaller 
diameter disc valve 69 have been employed, more than four 
kinds of disc valves having different diameters, the smaller 
diameter disc valves providing higher pressure at which the . 
concerned valves are to open, may be employed. The more 
disc valves having different diameters are used, the smooth 
will be the damping force characteristics. 

The twelfth embodiment shown in Fig. 16 has applied 
the constitution of the eleventh embodiment to a damping 
force generation mechanism at the bottom side of the hydrau- 
lic damper. Since the constitution of the retainer 74 and 
the constitutions of the respective disc valves 75, 76 77 
shown in Fig. 16 are identical to that of the eleventh 
embodiment and the constitution of the remaining elements 
is identical to that of the third embodiment, their explana- 
tions are omitted here. It is also to be noted that the 
function is the same as that of Fig. 11 (the damping force 
characteristic is represented by the line J in Fig. 18). 

It is apparent that the present invention should not 
be limited to the respective embodiments described above, 
and it may be constituted in the following manner as well. 

With regard to the inner pressure chamber and the 
outer pressure chamber in the respective embodiments, any 
configuration may be applied as long as the configuration 
permits the hydraulic pressure in the communication passages 
to be properly imposed to the disc valves. 
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Any number of the respective disc valves may be 
suitably selected so that the most optimum damping: force 
characteristic may be attained corresponding to the vehicle 
in question. 

5 It is further possible in the respective embodiments 

that the extension side damping force generation mechanism 
provided on a piston and the contraction side damping force 
generation mechanism provided at the bottom side of the 
hydraulic damper may be suitably combined and that the 
10 damping force characteristic at the extension side may be 
made different from that of the contraction side or made 
identical, depending on the requirement. 

As explained in detail, the hydraulic damper accord- 
ing to the present invention includes a larger diameter disc 
15 valve and a smaller diameter disc valve which are caused to 
open at different pressure levels are stacked in the order 
on the downstream side of a communication passage, an inner 
pressure chamber in communication with the communication 
passage provided on the side of the larger diameter disc 
0 valve facing the communication passage, an outer pressure 
chamber in communication with the communication passage 
provided radially outwardly of the outer circumference of 
the smaller diameter disc valve. As the hydraulic fluid 
pressure in the outer and inner pressure chambers is 
5 increased due to movement of the piston, the outer periph- 
eral portion of the larger diameter disc valve and the 
entire larger diameter disc valve and the smaller diameter 
disc valves are sequentially opened so as to generate the 
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dampine force. By changing the rigidity of the disc valves, 
therefore, the damping force characteristics may be adjusted 
at will. 

In addition, if a pre-set lead setting means is 
employed, the pressure level at which the smaller diameter 
disc valve is to open may be changed to a higher level, thus 
providing a wider range of adjusting the damping force 
characteristics • 

Furthermore, in such a construction as a spring 
member is employed in place of the smaller diameter disc 
valve, the damping force characteristics may be freely 
adjusted by changing the elasticity of a spring member. 

In this manner, a most optimum damping force charac- 
teristics may be established for a specific vehicle, whereby 
driving stability and driving comfort are considerably 
improved. 

Furthermore, the disc valve or spring member may 
be simply mounted and no special technique is needed to 
assemble them, assembly of the hydraulic damper is very 
efficient. 
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We claim: 

1. A hydraulic damper comprising: 

a cylinder, 

a piston slidably fit in said cylinder and partition- 
ing the interior of said cylinder to two liquid chambers, 
said piston being provided with a communication passage 
formed therethrough for communicating said two liquid 
chambers with each other, and 

a damping force generation mechanism for generating 
damping force by controlling the flow of liquid through said 
communication passage caused by sliding movement of said 
piston in the cylinder, 

wherein said damping force generation mechanism 
includes : 

a larger diameter disc valve disposed on the down- 
stream side of said communication passage, 

a smaller diameter disc valve stacked on said larger 
diameter disc valve, the diameter of said smaller diameter 
disc valve being smaller than that of the larger diameter 
disc valve, 

an inner pressure chamber disposed radially inwardly 
on the opposite side of said larger diameter disc valve 
remote from the smaller diameter disc valve, said inner 
pressure chamber being in communication with said communica- 
tion passage, and 

an outer pressure chamber disposed on the same side 
as said inner pressure chamber radially outwardly of said 
inner pressure chamber, said outer pressure chamber being 
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located radially outwardly of the outer circumference of 
said smaller diameter disc valve, said outer pressure 
chamber being in communicate with said communication 
passage. 

2. A hydraulic damper as claimed in Claim 1. wherein 
said damping: force generation mechanism further includes a 
pre-set load setting means for giving said smaller diameter 
disc valve an initial deflection- 

3. A hydraulic damper as claimed in Claim 1, wherein 
said smaller diameter disc valve is adapted to provide a 
fulcriim for said larger diameter disc valve adjacent to a 
partitioning wall defined between the inner and outer pres- 
sure chambers when the outer circumference portion of said 
larger diameter disc valve is deflected. 

4. A hydraulic damper as claimed in Claim 3, wherein 
said partitioning wall is provided with a throttling 
passage, said, inner and outer pressure passage being in 
communication with each other through said throttling 
passage . 

5. A hydraulic damper as claimed in Claim 1, wherein 
said damping force generation mechanism further includes 
a partitioning wall defined between said inner and outer 
pressure chambers, said partitioning wall being provided 
with a throttling passage formed therein for communicating 
said inner and outer pressure chambers with each other. 

6. A hydraulic damper as claimed in Claim 1. wherein 
said larger diameter disc valve is provided with a plurality 
of holes formed in an area thereof which is overlaid with 
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said smaller diameter disc valve, said holes being located 
adjacent the outer circumference of said smaller diameter 
disc valve. 

7. A hydraulic damper comprising: 

a cylinder. 

a piston slldably fit in said cylinder and partition- 
ing the interior of said cylinder to two liquid chambers, 
said piston being provided with a communication passage 
formed therethrough for communicating said two liquid 
chambers with each other, and a damping force generation 
mechanism for generating damping force by controlling the 
flow of liquid through said communication passage caused by 
the sliding movement of said piston in the cylinder, 

wherein said damping force generation mechanism 
includes : 

a disc valve disposed on the downstream side of said 
conmiunication passage , 

inner and outer pressure chambers disposed at differ- 
ent locations in the radial direction of said disc valve 
and respectively being in communication with said communica- 
tion passage, said inner and outer pressure chambers being 
adapted to impose hydraulic pressure on said disc valve, and 

a biasing means disposed on the opposite side of said 
disc valve remote from said pressure chambers for biasing 
said disc valve toward said pressure chambers, said biasing 
means being located in the location corresponding to that of 
a partition wall separating said inner and outer pressure 
chambers . 
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8, A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figures 3 and 4 of the accompanying drawings. 

5 9. A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figures 5 and 6 of the accompanying drawings. 

10. A hydraulic damper substantially as described 
10 herein with reference to and as illustrated in Figure 7 

of the accompanying drawings. 

11. A hydraulic damper substantially as described 
•herein with reference to and as illustrated in 

15 Figures 8 and 15 of the accompanying drawings. 

12. A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figures 9 and 15 of the accompanying drawings. 

20 

13. A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figure 10 of the accompanying drawings. 

25 14. A hydraulic damper substantially as described 

herein with reference to and as illustrated in 
Figure 11 of the accompanying drawings. 

15. A hydraulic damper substantially as described 
30 herein with reference to and as illustrated in 

Figure 12 of the accompanying drawings. 

16. A hydraulic damper substantially as described 
herein v;ith reference to and as illustrated in 

35 Figure 13 of the accompanying drawings. 
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17. A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figure 14 of the accompanying drawings. 

5 18. A hydraulic damper substantially as described 
herein with reference to and as illustrated in 
Figures 15 and 18 of the accompanying drawings. 

19. A hydraulic damper substantially as described 
10 herein with reference to and as illustrated in 
Figures 16 and 18 of the accompanying drawings. 
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